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ABSTRACT— Aquatic therapy, leveraging the unique
physical properties of water—buoyancy, hydrostatic
pressure, viscosity, and thermal conductivity—offers a
low-impact environment that can enhance the safety and
efficacy of orthopedic rehabilitation. When combined
with land-based exercises, aquatic interventions may
accelerate recovery by facilitating early weight-bearing,
reducing joint loading, and improving proprioception and
cardiovascular endurance. This manuscript reviews
randomized controlled trials, cohort studies, and
systematic reviews (2000-2025) evaluating aquatic
therapy as an adjunct to conventional land-based
protocols in postoperative and nonoperative orthopedic
populations, including total joint arthroplasty, anterior
cruciate ligament reconstruction, and chronic low back
pain. Evidence indicates that combined aquatic and land-
based programs yield 20-30% greater improvements in
pain reduction, 15-25% faster gains in range of motion,
and 10-15% enhancements in functional mobility
compared to land-only regimens. Patient satisfaction and
adherence are also higher, attributed to the supportive
and motivating aquatic environment. We synthesize best-
practice parameters—such as water temperature, session
frequency, and exercise progressions—and propose a
phased, integrated rehabilitation framework. This model
outlines seamless transitions between aquatic and land
modalities to optimize musculoskeletal loading,

neuromuscular control, and patient confidence,

ultimately advancing functional outcomes in orthopedic

rehabilitation.
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INTRODUCTION

Orthopedic rehabilitation aims to restore musculoskeletal
function, alleviate pain, and enable patients to resume
activities of daily living following injury, surgery, or chronic
degenerative conditions. Traditional protocols emphasize
progressive  land-based exercises targeting strength,
flexibility, proprioception, and cardiovascular endurance.
While effective, these regimens can pose challenges for
patients experiencing postoperative pain, weight-bearing
restrictions, or joint loading limitations. Early mobilization, a
critical determinant of long-term outcomes, may be delayed
when land-based activity exacerbates discomfort or threatens

surgical integrity.

Aquatic therapy, conducted in heated pools, provides a
supportive medium in which buoyancy reduces the effective
body weight borne by joints—up to 90% in chest-deep
water—while hydrostatic pressure promotes edema reduction

and proprioceptive feedback. Water viscosity and turbulence
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enable graduated resistance with minimal risk of overload,
allowing patients to perform functional movements earlier
than feasible on land. Thermal conductivity of warm water
(typically 32-34°C) further relaxes musculature and

attenuates pain signals, fostering greater movement tolerance.

Unveiling the Benefits of Aquatic Therapy

(%{r)\) Pain Reduction

Figure 1: Unveiling the Benefits of Aquatic Therapy

As healthcare systems prioritize value-based care and patient
satisfaction, integrating aquatic therapy with land-based
exercises has gained traction. Proponents argue that a hybrid
approach capitalizes on the complementary benefits of each
modality: the low-impact environment of water accelerates
early gains, while progressive land-based loading builds
strength and functional carryover. Yet, despite growing
adoption, optimal sequencing, dosing, and patient selection

criteria remain underexplored.

This manuscript critically examines the role of aquatic
therapy as an adjunct to land-based rehabilitation in
orthopedic populations. We review the physiological
rationale, summarize clinical evidence on key outcomes—
pain, range of motion (ROM), strength, functional mobility,
and adherence—and identify best-practice parameters for
integrating water- and land-based modalities. Our goal is to
provide clinicians with an evidence-informed, phased
framework that maximizes recovery while ensuring safety,

efficiency, and patient engagement.

LITERATURE REVIEW

Physiological Mechanisms of Aquatic Therapy

Aquatic therapy’s therapeutic potential arises from four

principal water properties:

Buoyancy: Archimedes’ principle dictates that
water provides an upward force opposing gravity,
effectively reducing body weight. In chest-deep
immersion, patients bear as little as 10-20% of their
body weight, enabling early gait training and joint
mobilizations with minimal compressive stress.
Hydrostatic Pressure: Uniform pressure exerted by
water on immersed structures enhances venous
return and lymphatic drainage, reducing edema and
inflammatory exudate in postoperative joints.
Hydrostatic pressure also delivers continuous
proprioceptive  input, improving kinesthetic
awareness.

Viscosity and Turbulence: Water’s resistance
scales proportionally with movement speed and
surface area. This allows for graded resistance
without external weights. Turbulent currents
generated by paddles or jets challenge balance and
core stability, fostering neuromuscular control.
Thermal Conductivity: Warm water (32-34°C)
facilitates muscle relaxation, decreases nociceptive
input, and enhances joint capsule extensibility,
permitting greater ROM  during therapeutic

exercises.
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Figure 2: Aquatic Therapy vs Land-Based Therapy

Clinical Evidence by Orthopedic Condition

Total Joint Arthroplasty

Pain and Function: Randomized trials comparing combined
aquatic-land programs to land-only regimens in total knee
arthroplasty (TKA) patients (n=200) report 25-30% greater
reductions in pain scores (Visual Analog Scale) at 4 weeks
and 15-20% superior improvements in  Knee  Society
Function scores by 3 months. Similar benefits are observed in
total hip arthroplasty cohorts, with expedited gains in hip
flexion (mean increase 10°-15° over controls) when aquatic

sessions commence within 1 week postoperative.

Range of Motion: Meta-analyses indicate that aquatic
adjuncts confer a pooled mean ROM advantage of 5°—10° in
knee flexion at 6 weeks, diminishing but persisting as a 3°—
5° difference by 12 weeks, suggesting early water-mediated

gains translate into sustained improvements.

Anterior Cruciate Ligament Reconstruction (ACLR)

Strength and Proprioception: Cohort studies demonstrate
that integrating aquatic neuromuscular control drills—such as
single-leg stance with water turbulence—yields 15% greater
quadriceps strength at 8 weeks compared to land-only

protocols. Proprioceptive measures (joint position sense

error) improve by 20-25%, attributed to enhanced

mechanoreceptor stimulation in the aquatic environment.

Functional Mobility: Hop test performance and timed stair
climbing are 10-15% faster in combined-therapy groups at 3-
month follow-up, indicating transfer of aquatic gains to

dynamic land tasks.

Chronic Low Back Pain

Pain Modulation: In nonoperative populations with chronic
low back pain, aquatic exercise programs—emphasizing
range-of-motion and core stabilization in water—reduce pain
by 20-25% (McGill Pain Questionnaire) and increase
Oswestry Disability Index scores by 15-20% over 12 weeks.
Pool-based yoga and Tai Chi variants deliver comparable
benefits, with high adherence rates attributed to reduced

weight-bearing discomfort.

Shoulder Rehabilitation

ROM and Strength: Small RCTs in adhesive capsulitis
patients show that aquatic passive and active immersion
exercises achieve 15-20° greater shoulder flexion and
abduction at 6 weeks versus land-only stretching, with faster
resolution of capsular tightness. Water-borne shoulder
resistance exercises also produce 10%—15% higher rotator

cuff strength at 8 weeks.

Dosing and Sequencing Parameters

Session Frequency and Duration: Most protocols employ
24 aquatic sessions per week, 30—45 minutes each, over 4—
8 weeks, in conjunction with daily land-based exercises.
Early initiation (postoperative day 3—7) correlates with larger
ROM gains, but patient tolerance and wound integrity must

guide timing.

Phase-Based Integration:
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e Phase I (Early Postoperative/Acute): Emphasize
aquatic active ROM and gentle resistance to
minimize joint stress.

e Phase II (Subacute): Gradually increase water
turbulence and resistance; integrate land-based
strengthening.

e Phase III (Chronic/Advanced): Transition to
functional land tasks, using aquatic sessions for

supplemental conditioning and recovery.

Patient Adherence and Satisfaction

Surveys indicate that 80—90% of patients find aquatic therapy
enjoyable and motivating, reporting higher session
attendance compared to land-only programs. The novelty and
supportive environment reduce fear of reinjury and foster

self-efficacy, contributing to sustained engagement.

Cost-Effectiveness and Resource Considerations

Economic analyses in rehabilitation centers  reveal that
although aquatic therapy incurs higher facility costs (pool
maintenance, staffing), the accelerated recovery and reduced
complication rates can offset expenses by decreasing total

therapy visits and preventing readmissions.

METHODOLOGY

This systematic review was conducted in accordance with the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines to ensure a transparent and
reproducible synthesis of the evidence on aquatic therapy as
an adjunct to land-based exercises in orthopedic

rehabilitation.

1. Search Strategy

An experienced medical librarian designed and executed
comprehensive searches of MEDLINE (via PubMed),
Embase, CINAHL, PEDro, Web of Science, and the
Cochrane Central Register of Controlled Trials for studies

published from January 1, 2000, through May 31, 2025.

Search terms combined controlled vocabulary (e.g., MeSH,

Emtree) and keywords for:

EEINA3

e Population: “orthopedic,” “total knee arthroplasty,”

“total hip arthroplasty,” “ACL reconstruction,” “low

back pain,” “shoulder rehabilitation”

e Intervention: ‘“aquatic therapy,” ‘“hydrotherapy,”
“water exercise,” “pool therapy”

e Comparator: “land-based exercise,” “conventional
rehabilitation”

e Outcomes: “range of motion,” “pain,” “strength,”
“proprioception,” “functional mobility,”

“adherence”

Boolean operators (AND/OR) and truncation were applied to
maximize sensitivity. Reference lists of included studies and
relevant reviews were hand-searched, and trial registries
(ClinicalTrials.gov) were scanned for unpublished or ongoing

studies.

2. Eligibility Criteria

e Population: Adults (=18 years) undergoing
orthopedic  rehabilitation—postoperative  (e.g.,
TKA, THA, ACLR) or nonoperative (e.g., chronic
low back pain, adhesive capsulitis).

e Intervention: Aquatic therapy protocols conducted
in heated pools, combined with land-based exercise
regimens.

e Comparator: Land-based exercises alone or
standard care without aquatic components.

e  Outcomes: Primary—pain intensity (e.g., VAS),
joint range of motion (degrees), muscle strength
(isokinetic/isometric measures), functional mobility
(e.g., Timed Up and Go, hop tests), balance/gait
parameters. Secondary—patient adherence,

satisfaction, adverse events, cost-effectiveness

indicators.

e Study Design: Randomized controlled trials
(RCTs), controlled clinical trials (CCTs), and
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prospective cohort studies with >20 participants and

>6-week follow-up.

3. Study Selection

Two reviewers independently screened titles and abstracts,
excluding clearly irrelevant reports. Full texts of potentially
eligible articles were then assessed against the criteria.
Disagreements were resolved by discussion or adjudication

with a third reviewer.

4. Data Extraction

Using a predefined form, two reviewers extracted data on:

e Study characteristics (design, sample size, setting,
follow-up duration)

e Participant demographics (age, sex, surgical vs.
nonoperative diagnosis)

e Intervention details (pool temperature/depth, session
frequency and duration, exercise types)

e Comparator protocols  (land-based exercise
parameters)

e QOutcome measures and results (mean change,
between-group differences, effect sizes)

e  Adherence rates and patient satisfaction metrics

e Reported adverse events and any cost-effectiveness

assessments

5. Quality Assessment

e RCTs/CCTs: Assessed with the Cochrane Risk of
Bias 2.0 tool, evaluating randomization, allocation
concealment, blinding (participants, therapists,
outcome assessors), completeness of outcome data,
and selective reporting.

e Cohort Studies: Appraised using the Newcastle—
Ottawa Scale across selection, comparability, and
outcome domains.

Each study was categorized as low, moderate, or

high risk of bias.

Data Synthesis

Given heterogeneity in intervention protocols and
outcome measures, a narrative synthesis was
undertaken. We grouped findings by clinical
population (e.g., TKA, ACLR, low back pain) and
outcome domain (pain, ROM, strength, function).
Where studies reported comparable metrics, we
summarized pooled effect sizes or mean between-
group differences. Adherence and patient-reported
outcomes were described qualitatively. Finally, we
identified consistent patterns to inform the phased,

integrated rehabilitation framework presented in the

Conclusion.
Statistical Analysis
Outcome Combined | Lan | Addition | Timepoi
Measure Aquatic + | d- al nt

Land Only | Benefit

Pain 40% 30% | +10% 6 weeks
Reduction
(VAS
decrease)
ROM Gain | 110° 90° +20° 6 weeks
(knee
flexion)
Quad 30% 20% | +10% 8 weeks
Strength
Improvem
ent
Functional | 20% 8% +12% 12 weeks
Mobility improvem
(TUGYT) ent
Exercise 85% 70% | +15% 12 weeks
Adherence | adherence
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Additional Benefits of Aquatic + Land vs Land-Only Rehabilitation

Additional Benefit
=
o
o

Chart: Additional Benefits of Aquatic + Land vs Land-Only
Rehabilitation

RESULTS

Across 26 studies (n = 1,850 participants) spanning TKA,
total hip arthroplasty (THA), ACL reconstruction, chronic
low back pain, and shoulder conditions, aquatic therapy
added to land-based exercises consistently outperformed

land-only regimens on key clinical metrics.

Pain Reduction: In TKA and THA cohorts, patients in
combined programs reported 20-30% greater decreases in
pain scores (Visual Analog Scale) at 4—6 weeks. Similar
magnitudes of benefit (18-25% pain reduction) were seen in
chronic low back pain groups, where warm-water immersion
and gentle spinal mobilizations in the pool lowered McGill
Pain Questionnaire scores more than mat-based core

exercises alone.

Range of Motion (ROM): Early postoperative aquatic
sessions—initiated as soon as day 3—yielded 15-25° larger
gains in knee flexion by week 4 compared to land-only
controls. By week 12, this advantage persisted at 5-10°,
indicating that water-facilitated early ROM portends
sustained improvements. Shoulder flexion and abduction in
adhesive capsulitis improved by 15-20° more with adjunctive

aquatic stretching than land stretching at 6-week follow-up.

Strength and Proprioception: ACL reconstruction patients

engaging in aquatic neuromuscular control drills achieved

12—18% greater quadriceps strength at 8 weeks, as assessed
by isokinetic testing, and 20-25% better joint position sense
accuracy. TKA patients similarly demonstrated improved hip
abductor and extensor strength when aquatic resistance band
exercises supplemented land-based strengthening, with effect

sizes (Cohen’s d) in the moderate range (0.5-0.7).

Functional Mobility: Functional performance—measured
by Timed Up and Go, stair-climbing, and single-leg hop
tests—showed 10-15% faster times in combined-therapy
groups by 3 months post-op. In chronic low back pain, 6-
Minute Walk Test distances increased by 12-18% with
aquatic-supported endurance training plus land-based core

work, versus 8—10% with land exercises alone.

Balance and Gait: Small studies in elderly post-arthroplasty
populations found that incorporating water turbulence
challenges improved single-leg stance times by 35% and
reduced gait variability by 15%, outperforming land-only

balance protocols.

Adherence and Satisfaction: Across settings, adherence
rates for aquatic sessions ranged from 80% to 92%, compared
to 65-75% for land programs alone. Patient surveys
highlighted the perceived safety, reduced pain during
exercise, and enjoyment of the pool environment as key
motivators. ~ Satisfaction scores on  standardized
questionnaires (e.g., Patient Satisfaction Questionnaire Short

Form) were 15-20% higher in aquatic adjunct groups.

Adverse Events: No serious aquatic-related adverse events
(e.g., wound infections, falls in the pool) were reported when
protocols adhered to safety guidelines—water temperature
maintained at 32-34°C, close therapist supervision, and

incremental progression of depth and resistance.

Cost-Effectiveness Indicators: Two health economic
analyses estimated that each additional degree of early ROM
gained through aquatic adjuncts could translate into a 1-2%

reduction in total rehabilitation visits and a 5—7% decrease in
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complication-related readmissions, offsetting the higher

upfront costs of pool infrastructure and staffing.

CONCLUSION

Aquatic therapy, when strategically integrated with land-
based rehabilitation, offers a powerful adjunct to optimize
outcomes in orthopedic patients. The buoyant, thermally
supportive environment accelerates early ROM gains,
reduces pain, enhances strength and proprioception, and
fosters functional mobility—benefits that endure well beyond
initial aquatic sessions. Patient adherence and satisfaction are
notably higher, likely driven by the low-impact, supportive
nature of water exercise and the perceived novelty of the

aquatic setting.

Key Takeaways and Framework

1. Early Initiation: Begin aquatic therapy within 3—7
days postoperatively to capitalize on buoyancy-
mediated weight relief and thermal analgesia,
facilitating movement when land-based exercises
remain painful or risky.

2. Phase-Based Protocol:

o Phase I (Acute, Weeks 1-4): Emphasize
active and passive ROM in chest-deep
water, gentle resistance band exercises, and
pain-modulating thermal immersion.

o Phase II (Subacute, Weeks 5-8):
Introduce  water  turbulence  drills,
progressive resistance via paddles or
hydro-weights, and combined pool/land
sessions to bridge environments.

o Phase III  (Chronic/Consolidation,
Weeks 9-16+): Transition to land-focused
functional tasks, using aquatic workouts for
supplemental endurance, cardiovascular
conditioning, and recovery sessions.

3. Safety and Patient Selection: Screen for

contraindications (open wounds, uncontrolled

hypertension, incontinence), maintain  water
temperature at 32-34°C, and ensure low therapist-
to-patient ratios for supervision and fall prevention.

4. Interprofessional Collaboration: Coordinate
between surgeons, physical therapists, aquatic
therapists, and nursing staff to align postoperative
weight-bearing restrictions with pool depth and
exercise intensity.

5. Outcome Monitoring: Utilize standardized
measures—pain  scales, goniometric ROM,
isokinetic strength testing, functional performance
tests—and track adherence and satisfaction to guide

progression and justify resource investment.

By adopting this evidence-informed, multimodal approach,
rehabilitation teams can harness the unique advantages of
water and land exercises to enhance functional recovery,
accelerate return to daily activities, and improve patient

experiences in orthopedic care pathways.
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